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ABSTRACT

Johnson, L. 1983. Assessment of the effects of
0il on Arctic Marine fish and marine mam-
mals. Can. Tech. Rep. Fish. Aquat. Sci.
1200: viii + 15 p.

Arctic marine ecosystems are briefly
reviewed to provide a background for the assess-
ment of the effect of oil on Arctic marine fish
and marine mammals; the probability of an oil
spill in Arctic waters and its possible effects
is developed through the provision of answers to
a series of questions drawn up by the Commis-
sioners of the Report. The important fishes in
the marine environment are almost exclusively
anadromous:  Arctic charr, Salvelinus alpinus,
and various whitefishes, Coregonus spp. As
these species spawn and pass their earliest sta-
ges in fresh water they are not exposed to pos-

sible toxicants in the marine environment :over’

the period of their greatest susceptibility.
Arctic charr are widespread throughout the Arc-
tic and therefore are Tikely to encounter any
spills that approach the shoreline. - The most
vulnerable stocks are the whitefishes that occu-
py the Mackenzie Delta and the immature fishes
that utilize the inshore waters of the Beaufort
Sea in their passage to summer feeding and rear-
ing grounds. The changing .vulnerability of the
bowhead whale, Balaena mysticetus, beluga, Del-
phinapterus Tleucas, and narwhal, Monodon mono-
ceras, is considered along théir seasonal migra-
tion routes; the Tlocations at which young of
these species are born, considered to be the
most vulnerable phase in the life-history, are
imperfectly known. Of the seals, ringed seal,
Phoca hispida, is both the most widespread and
probabTy the most susceptible to possible oil
damage; this is particularly the case in winter
when the seal is restricted to territories in
which breathing holes are maintained in the fast
ice, and in early spring when pupping and moult-
ing takes place on the ice. Few specific
effects of oil on marine mammals have been
observed. The greatest danger is considered to
be the accumulation of environmental perturba-
tions each, 1in 1itself, of small, indefinable
effect, but together generating "noise" in the
energy flow path, creating increased variability
and the possibility of the elimination of
important stocks. The most vulnerable species
from this perspective are considered to be the
bowhead whale and the walrus, Odobenus rosma-
rus. It is unlikely that causes Will be direct-
Ty attributable +to specific events unlesss
effects are of catastrophic proportions. Recom-
mendations for further study are made.

Key words: Arctic marine ecosystems; environ-
mental assessment; ecosystem pertur-
bation; oil spills; Arctic marine
fish; Arctic marine mammals; oil in
ice-covered waters.
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RESUME

Johnson, L. 1983. Assessment of the effects of
0il on Arctic Marine fish and marine mam-
mals. Can. Tech. Rep. Fish. Aguat. Sci.
1200: viii + 15 p.

Ce rapport comprend une courte @&tude des
écosystémes marins de T'Arctique, laquelle per-
mettra aux Tlecteurs de mieux apprécier Tles
effets du pétrole sur les poissons et les mam-
miféres des mers arctiques; i1 se demande s'il y
a des chances qu'une fuite de pétrole se pro-
duise dans les mers de 1'Arctique et i1 analyse
les effets possibles d'un tel déversement en
répondant d la série de questions posées par
ceux qui ont demandé le rapport. Les poissons
importants du milieu marin sont presque tous
anadromes, tels 1'omble chevalier (Salvelinus
alpinus) et diverses espéces de corégones (Core-
gonus spp.). Comme ces poissons fraient en eau
douce et y passent les toutes premiéres &tapes
de leur développement, 11s ne sont pas exposés
aux substances toxiques qui peuvent polluer le
milieu marin au moment ot 1ils sont le plus vul-
nérables. L'omble chevalier peuple la plupart
des eaux de 1'Arctique et serait fort probable-
ment touché par un déversement de pétrole &
proximité de la cbte. Les espéces Tes plus
menacées par la marée noire sont les corégones
qui peuplent le delta du Mackenzie et les ale-
vins qui traversent les eaux cOtiéres de la mer
de Beaufort en direction des eaux riches en
nourriture o 1ils passent 1'Eté. Le rapport
traite aussi de la baleine boréale (Balaena mys-
ticetus), du bé&louga (Delphinapterus Jeucas) et
du narval (Monodon monoceras), mammiféres dont
Ta vulnérabilité varie tout au JTong de Teurs
routes migratoires saisonniéres; personne ne
saft trés bien ol naissent les petits, &tape du
cycle biologique pendant laquelle 1i1s sont le
plus vulnérables. Chez les phogues, le phoque
annelé (Phoca hispida) est & la fois Te plus
largement répandu et le plus susceptible de
subit les effets néfastes des déversements de
pétrole, particuliérement en hiver, lorsqu'il ne
peut s'@loigner du trou d'air au'il se creuse
dans la banquise cBtiére, et au début du prin-
temps, lorsqu'il gagne Tes plages de glace pour
mettre bas et muer. Nous connaissons peu des
effets exacts du pétrole sur Tles mammiféres
marins. Clest en fait 1'accumulation de pertur-
bations environnementales qui pose le plus grand
danger: prises individuellement, ces perturba-
tions ont un effet négligeable, mais ensemble,
elles occasionnent un "bruit" dans le transfert
d'énergie qui fait croitre Ta variabilité et
pourrait entrainer 1'&limination de stocks
importants. La baleine boréale et le wmorse
{(Odobenus rosmarus) sont considérés comme étant
Tes éspéces 1es plus vulnérables & ce point de
vue. I1 est peu probable que 1'on puisse attri-
buer directement tel effet & tel événement par-
ticulier & moins que les effets n'atteignent des
proportions catastrophiques. On  recommande

1'approfondissement des &tudes 3 cet dgard.

Mots-cl1és: @&cosystémes marins de 1'Arctique;
évaluation environnementale; pertur-
bation de 1'écosystéme; déversements
de pétrole; nappe de pétrole sur des
eaux recouvertes de glace.



PREFACE

The Arctic Offshore Development Committee
(ARCOD) of the Department of Fisheries and
Oceans asked the Arctic Research Directors Com-
mittee (ARDC) for advice on the probable effects
of o0il on Arctic marine fish and marine mam-
mals. ARDC convened a working group whose names
and affiliations appear on the cover of this
report. Dr. Lionel Johnson, the chairman, first
prepared an extensive background paper dealing
with the general and theoretical ecology of arc-
tic ecosystems, the biological oceanography of
the arctic, and the general biology of arctic
marine fish and marine mammal stocks. That
paper will be published independently by Dr.
Johnson. It provided an excellent basis for the
present report, and ARDC is grateful to Dr.
Johnson for his efforts.

In a second stage of the study, the work-
ing group as a whole was given a set of ques-
tions to which the ARDC wished to have the best
answers possible, given the present state of
scientific knowledge. These questions were:

1. What are the probabilities of acci-
dental release of oil as a consequence
of o0il exploration, production or
transportation in Arctic waters? Give
separate consideration to release in
open water, in polynyas, under shore-
fast ice or under pack ice.

2. What concentrations of oil fractions
might be expected to occur in open
water, under ice, in the plankton and
in the benthos as a result of such
releases and what would be the expect-
ed rate of change in these concentra-
tions?

3. What would be the physiological and
ecological consequences of such o0il
concentrations for fish and marine
mammals that were in the area at the
time?

4, Which stocks of fish and marine mam-
mals are vulnerable to oil spills in
the Arctic? Which stocks are espe-
cially sensitive for one or more of
the following reasons: i) they are
heavily exploited; 1i) at some stage
in their 1ife history they occupy cri-
tical habitats e.g. breeding grounds
or feeding grounds that might be
impacted by oil, and iii) the species
exhibits some critical physiological
or behavioural sensitivity to oil?

5. Which stocks should D.F.0. seek to
protect by requesting particular areas
or types of habitat (e.g. polynyas,
areas of permanent shore-fast ice) be
protected from oil-related activities?

6. What kinds of observational programs
would be required to detect: i) dele-
terious effects on marine fish or mam-
mal stocks, and 1ii) the recovery of
the ecosystem from the effects of an
oil spill?

7.

What kinds of preventive measures or
countermeasures would be appropriate
in respect of: i) chronic Tow-level
pollution, ii) major spills, or iii)
blowouts? In the event of a major
spill or blowout, should D.F.0. seek
to halt oil operations in the area
until the system has fully recovered?
If not what action is called for?
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This report embodies the working group's answers to those questions.
In addition, there is an executive summary, a concluding statement, and
recommendations for further study. The document as a whole was drafted by
Dr. Johnson, amended by the members of the working group and finally
accepted, after further amendments, by the Arctic Research Directors
Committee of D.F.0. The committee thanks Dr. Johnson and his committee for
their work, and is confident that the report will be useful to D.F.0. and
other organizations in the formulation of ©policies regarding the

exploitation of 0il in Arctic marine environments.

K.H. Mann
Chairman, Arctic Research Directors

Committee

June 1983




"We cannot stop where we are, stuck with today's level of
understanding, nor can we go back. I do not see that we have a real choice
in this, for I can only see the one way ahead. We need science, more and
better science, not for its technology, not for its leisure, not even for
health and longevity, but for the hope of wisdom which our kind of culture
must acquire for its survival.”

Lewis Thomas

The Medusa and the Snail
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EXECUTIVE SUMMARY

The Arctic Ocean, when viewed in polar
projection, can be seen as a northern Mediterra-
nean. This sea between the land has a narrow,
shallow exit through the Bering Straits to the
Pacific and a wide deep connection to the North
Atlantic between Greenland and Norway as well as
a narrower one between Ellesmere Island and
Greenland. As the free circulation of cold sur-
face water is prevented by the constraining land
masses much of the Arctic Ocean remains perma-
nently ice-covered, although, even in winter,
wind, currents and the earth's rotation maintain
the ice in constant motion causing the formation
of Tleads, tide-cracks and polynyas. Melting of
the pack in summer is largely confined to the
near-shore regions with the result that only
about 10 percent of the ocean's surface area is
ice-free, even at the height of the open-water
season; climatic variability is such that this
figure changes considerably from year to year.

The permanent ice-cover isolates the
underlying waters from the turbulent effect of
wind, inhibiting vertical circulation 1in the
water column, while the presence of ice on the
surface promotes stability still further through
the maintenance of a constant temperature gra-
dient. Together these factors create a very
stable water mass that prevents the return of
nutrients to the surface and hence greatly
restricts photosynthesis (Dunbar 1960, 1968,
1970a, 1973, 1976, 1977, 1981, 1982). This low
potential for primary productivity is further
reduced by the light filtering effect of the ice
itself, which may be from one to several metres
thick. This results in a very low grder of pri-
mary production: from 0.6 g C nrzyr‘l in_the
region of the North Pole to 70 g C m~ yr‘l in
the more southerly regions, such as Frobisher
Bay (Grainger 1979).

Most of the production, both primary and
secondary, occurs either in the benthic regions
or on the under-surface of the ice (the so-
called epontic biota) (Clasby et al. 1976; Hor-
ner 1977, Grainger 1977); production in the
water column is extremely low. These conditions
appear to be inimical to the development of
truly pelagic stocks of Arctic marine fishes.
Apart from the large numbers of aquatic birds
that are dependent on marine resources, the fer-
minal predators in the marine food chain are
almost exclusively marine mammals.

Stocks of truly marine fish species, of
potential commercial value are few and very
localized. There are no endemic species of com-
mercial value. Some stocks of Pacific herring,
Clupea harengus pallasii, occur in the Mackenzie
Delta region and eastwards along the northern
continental coastline to Darnley Bay; capelin,
Mallotus villosus, occur spasmodically, both in
time and space, in northern Labrador, Hudson Bay
and in the region of Bathurst Inlet in the Cen-
tral Arctic; some stocks of Greenland halibut

(turbot), Reéjnhardtius hippoglosseides,  are
encountered 1n deep water 1in Davis Strait and
appear to have some commercial potential (Dunbar
1970b; McAllister 1975).

Otherwise the fishes of significance in
the economy of the Arctic are anadromous. Broad

whitefish, Coregonus nasus, lake whitefish, C,.
clupeaformis, and cisco, Coregonus spp., are all
abundant in the Mackenzie Delta. Many of these
populations utilize the 1inshore waters of low
salinity of the Southern Beaufort Sea as a dis-
persal route to their summer feeding areas in
coastal lakes and streams; many remain in these
freshwaters over winter, emerging the following
summer to return to the Delta.

Without doubt the most important species
of fish in the Arctic is the Arctic charr, Sal-
velinus alpinus, in its anadromous form. Arctic
charr spen%s its first four to eight years in
freshwater before making its first migration to
the sea when about 180 to 200 mm in Tlength;
after spending about 45 days in the sea charr
return to fresh water to overwinter. This rou-
tine is repeated annually except that once every
two to three {or even four) years mature fish
may remain in fresh water to spawn. Downstream
migration begins as soon as water starts to flow
in the rivers in spring; there is a tendency for
the large fish to move downstream first and for
the first fish moving downstream to wander the
furthest in the sea. In the sea the general
tendency is for fish to remain relatively close
to the stream from which they emerged in spring
but examples of charr travelling up to 500 or
600 km are not uncommon. Usually charr remain
in relatively shallow water close to the coast,
but they are also known to have traversed deep
open water, such as Dease Strait separating Vic-
toria Island from the mainland. Fish wandering
far from their home stream enter streams of
opportunity in which to overwinter. It seems
possible that the majority of fish return to
their home stream to spawn, although direct evi-
dence is very difficult to come by. Arctic
charr appear to be well adapted to harvest the
brief bloom of production occurring in the
coastal waters of the Arctic in the open water
period. Their food consists of a wide variety
of organisms, but mainly various amphipods and
small fishes. Having few natural enemies in the
adult state, apart from man, charr 1is essen-
tially terminal in the food chain {(Johnson
1980).

The other terminal predators of great
importance in the Arctic marine ecosystem are
the marine mammals: seals, walrus and whales.
Ubiquitous, and of great importance in the eco-
nomy, is the ringed seal, Phoca hispida. This
is the species most closely adapted to ice-
covered waters, maintaining breathing holes in
the ice throughout the winter; this is the only
species that regularly maintains access to the
air in this manner. These holes can only be
maintained in first-year ice; as a consequence
the distribution of adult seals 1is Targely
restricted to bays and indentations of the
coastline where land-fast ice forms. Juvenile
ringed seal usually seek access to the air above
leads and polynyas rather than maintaining their
own breathing holes. Second in its close asso-
ciation with ice is the bearded seal, Erignathus

barbatus, folTowed by walrius, Odobenus vosmarus
(Mansfield 1958, 1973). Both bearded seal and
walrus tend to aggregate more than ringed seal,
being attracted to the open waters of leads and
polynyas (Stirling and Cleator 1981); walrus in
particular possesses a considerable capacity for
breaking ice that has newly formed. The harp




seal, Pagophilus groenlandicus, moves out of the
Arctic in winter, migrating south to localized
regions of suitable ice-cover in the Gulf of
St. Lawrence and on the Newfoundland 'Front' to
whelp in early spring before migrating northward
as the waters open up.

The Targe whales, too, move out of the
most solidly frozen areas in winter to the more
open pack-ice on the fringes of the region where
ice and open water meet. The narwhal, Monodon
monoceras, stays in the heaviest pack in Davis
Strait where ice cover may be over 90 percent
(Finley and Renard 1980). In spring narwhal
move north and west into the eastern part of the
Archipelago but seldom move into the central and
western Arctic (Mansfield et al. 1975) on
account of late break-up of the ice in this
region. The beluga (or white whale) Delphinap-
terus leucas, and the bowhead whale, Balaena
mysticetus, are both represented in the Arctic
by eastern and western stocks, but there is vir-
tually no intermingling of the stocks in the
central region. The western stock of both spe-
cies moves from the pack ice of the Bering Sea,
where they overwinter, to the north and east
into the Beaufort Sea, utilizing leads in the
shear zone created by the Beaufort Gyre; they
then turn south to the Amundsen Gulf (Fraker
1979). As the open water season progresses they
move along the Beaufort Sea coastline to the
Mackenzie Delta. Beluga spend considerable time
in this area before returning to the Bering
Sea. The eastern Arctic stocks are found on the
fringes of the pack-ice in Davis Strait in Feb-
ruary and March but in waters Tess heavily
encumbered with ice than those occupied by the
narwhal; again 1in spring they move into the
eastern part of the Archipelago as the water
opens up.

The two sub-systems of greatest import-
ance, as they provide the driving mechanism for
these higher trophic levels, are the benthic and
epontic associations. The benthic organisms of
particular importance are the bivalves that are
the major food resource of the bearded seal and
walrus. These bivalves occupy extensive beds
between the lower 1imit of ice-scour (3 - 10 m)
and a depth of about 300 m. The epontic biota
is sustained by the growth of algae attached to
the underside of the ice. Amphipods and cope-
pods rely on this algal growth and, in turn,
maintain a large, if widely distributed, popula-
tion of Arctic cod, Boreogadus saida. Arctic
cod live in the crevices and undulations of the
underside of the idce; they seldom grow very
large, only infrequently reaching 250 mm. This
epontic biota is essentially transient, being
buitt up in the three to four months prior to
break-up; inevitably at break-up the biota is
dispersed. The ice-edge, as it moves inward to
the central region, is one of the most signifi-
cant feeding areas for birds, fishes and marine
mammals (Bradstreet 1982; Bradstreet and Cross
1982).

Developmentof ~the -oiT-industry in Arctic
marine waters poses a potential threat to the
fishery resource of the region in so far as both
the physical and chemical effects of oil have
been shown to be detrimental to ecosystems that
have been contaminated. The projected invest-
ment of some ninety billion dollars (Blair and

Carr 1981) in oil exploration and development
over the next decade has the potential for caus-
ing great environmental change.

In temperate regions, where most studies
have been conducted, there is general agreement
that it is the shoreline and sub-littoral eco-
system that suffer most from the effects of an
0il spill. On the high seas oil spills appear
to have little detectable effect. However, it
is recognized that, to be detectable, the effect
on the biota would have to be enormous before it
could be firmly attributed to oil. Pari passu,
the sampling effort necessary to identify the
population changes taking place against a highly
variable natural background would have to be of
unprecedented proportions.

At present, our knowledye of the fate of
0il and the toxicity resulting from crude oil
spills in cold waters is inadequate to address
the problem in detail. However, high seas in
the Arctic scarcely exist; most drilling sites
and transportation routes are located suffi-
ciently close to shore, either along the main-
land coast, or between the islands of the Archi-
pelago, to ensure that any oil spilt has a high
probability of coming into contact with the
shoreline soon after release. O0il spilt in open
water rapidly loses the more volatile components
which, in general are the most toxic. 0il spilt
under the ice, resulting from a blowout or pipe-
line fracture, will accumulate on the under-ice
surface. In winter this oil becomes encapsu-
lated by ice forming below the 'moon pool',
ultimately being released to the surface in the
following spring and summer when the ice frac-
tures and melts. Encapsulated oil will not lose
its more volatile fractions until exposed to the
atmosphere at the time of melting; unweathered
0il could therefore be released at the ice edge
where biological activity is greatest.

Before the effect of any disturbance can
be assessed it is essential to have broadly
based knowledge of the system likely to be
affected. This information is difficult to
obtain, particularly in the Arctic where the
normal difficulties of marine sampling are com-
pounded by the long period of total darkness in
winter, bad weather and the capacity of ice to
obscure the animals and restrict the operation
of sampling gear.

In monetary terms the value of the marine
fisheries 1in the Arctic, including both true
fishes and marine mammals, is not high when com-
pared with the marine fisheries of the east and
west coasts of Canada; in cultural terms and
with respect to meeting the subsistence needs of
the Indian and Inuit population their importance
is clearly very great. Loss of, or significant
reduction 1in, these stocks would cause great
distress apart from the biological implications
of such a catastrophe.

The species of greatest economic signifi-

cance, ringed seal, the coregonids, Take white-
fish and ciscos, and Arctic charr, are the spe-
cies most 1likely to be exposed to the effect of
an oil spill. The stocks of these species
appear to be generally withstanding current
levels of exploitation without significant
change, although certain charr stocks, particu-



larly in the vicinity of settlements, are in a
depressed state and appear to be maintained in
this state by relatively light harvesting. The
lTife-history and migration pattern of the Arctic
charr and the coregonids ensure that the most
susceptible stages, eggs, alevins and fry, are
not exposed to contamination in the marine envi-
ronment, as they all occur in freshwater.

Ringed seals, particularly adult males and
juveniles, have been shown to fluctuate consi-
derably 1in abundance 1in the natural state,
apparently as a result of fluctuations in the
abundance of food. A damaging oil spill at the
time when the stocks are Tow could, conceivably,
cause a reduction in breeding stock that would
necessitate a Tlong recovery period before the
original levels of abundance could be reestab-
lished.

The fish stocks most likely to be affected
by oil spills utilize the coastal waters of the
Beaufort Sea and the Mackenzie Delta. In this
region large populations of broad whitefish,
lake whitefish and cisco pass along the coast-
line, in waters of relatively low salinity, from
their spawning areas in the Mackenzie Delta to
their nursery and rearing areas in the streams
and Takes of the Tutktoyaktuk Peninsula. Many
of the fish are young of the year, juveniles and
immatures. During the migration period, lasting
most of the open water season, these species are
at great risk from spilled oil driven ashore by
on-shore winds and ocean currents. Spawning
concentrations of the Pacific herring also uti-
lize these waters.

Arctic cod, although not harvested direct-
1y by man, is the fish species of greatest sig-
nificance in the Arctic marine food web. The
egg and larval stages of Arctic cod occur in
pelagic waters below a depth of 10 m where they
would appear to be largely immune to the pos-
sible effects of oil contamination. Cod older
than one year congregate in near-shore regions
in the Tate summer when they become more vulner-
able to habitat perturbation. The abundance of
these near-shore aggregations fluctuates greatly
from year to year, hence an oil spill that
affected the population when at a Tow level
might cause considerable Tocal disruption in the
animals and birds that depend upon them for
food.

The bowhead whale, while officially an
endangered species, on which there is a complete
ban on harvesting in Canadian waters, is sub-
jected, in the western Arctic, to regulated
hunting by the Alaskan Inuit. In the eastern
Arctic the bowhead is believed to suffer occa-
sional illegal killings. In spite of the long-
term moratorium on 1indiscriminate harvesting,
the best information indicates that bowhead
stocks are still very low compared with their
numbers before the whaling era of the years 1860
- 1900. What is known of their stock structure
gives cause for grave concern. There is little
evidence to indicate that oil spills have any
significant effect on whales. Whales have been
observed 'playing' and carrying out normal acti-
vities in oil slicks without any apparent dis-
comfort. There is a possibility that the
unkeratinized skin of whales, regarded as a
vital tissue, may suffer some damage when

exposed to oil, but this is still conjecture.
Similarly the fouling of baleen plates by oil in
baleen whales might reduce feeding efficiency.

The walrus, hunted largely for its ivory
at the present, 1is known to have suffered a
great reduction in range over historic times as
a result of indiscriminate hunting; it is con-
sidered to have little capacity to live sympa-
trically with modern man unless adequately pro-
tected. The creviced skin of the walrus may
present difficulties for <cleaning, and this
could be compounded if walrus haul out sites
were to become contaminated.

Narwhal and beluga are hunted extensively,
the former for jvory as well as muktuk, the skin
and subcutaneous layer of fat that is highly
valued as human food. Reduction in the dog
population has lessened the demand for meat and
oil but ivory prices have increased rapidly in
recent years. At the present time narwhal
stocks seem to be maintaining themselves ade-
quately but several stocks of beluga have been
much reduced in number by excessive harvesting.

Adult seals have so far been shown to
experience few after-effects from o0il immersion
although a number of potential hazards exist.
Young pups could be affected by ingesting oil
from their mothers' skin while suckling; some
are believed to have been drowned through their
inability to swim after becoming coated with
oil. Ringed seals in captivity have been shown
to develop eye infections when oil-contaminated
but these effects have not been observed in oil-
immersed seals in natural conditions.

The two components of the Arctic marine
system most likely to suffer from oil spills are
the sub-Tittoral fauna in water depths of 3 to
20 m, and the under-ice fauna; both are import-
ant food sources for animals higher in the food
web. The mollusc beds of the benthos are pro-
bably visited by walrus and bearded seals down
to a depth of 150 m, but the maximum depths uti-
lized are not known. Productivity is probably
greatest in the region below the Tlayer of vari-
able salinity (4-10 m) down to a depth of 50 m
and it is these regions that will be most heav-
ily utilized by the mammals. Contamination at
these depths is unlikely to be great except
through the formation of tar-balls: mixed oil
and sand that has a density greater than water.
Residual contamination of benthic molluscs s
known to tast for several years but should those
contaminants be transferred to marine mammals
living in clean water they will be readily eli-
minated. A major spill in winter, contaminating
a large area of the substratum could conceivably
have deleterious effects on bearded seals and
walrus, particularly if they were prevented from
leaving the contaminated area because of lack of
suitable tide-cracks or polynyas in adjacent,
non-contaminated areas. The Tength of time
required for littoral faunas to return to their
original condition is known to exceed ten. years
in temperate regions; this could be exceeded in
Arctic conditions where biological processes are
much slower. On the other hand true Tittoral
faunas in the Arctic are virtually non-existent
because of ice-scour; the ‘submerged littoral'
fauna only begins about 3 m below tide level and
is therefore out of the region of greatest con-



tamination: that above and below Tow and high
water marks. Repeated oil spills may have very
Tong-term, or even permanent effects.

The under-ice biota begins to develop in
spring as soon as sufficient light penetrates
the ice to initiate photosynthesis; the biota
therefore develops to a maximum extent Jjust
before break-up and then is dispersed as the ice
melts. 011 spilt on the under-surface of the
ice will eliminate the biota but as encapsula-
tion develops the fauna will reform on the new
under-ice surface. In the later stages of win-
ter, as spring approaches, rising air tempera-
tures will preclude encapsulation, hence oil
spilt at this time will remain on the under-ice
surface, rendering it sterile. Whether encap-
sulated or not, melting in the spring will allow
the o0il to permeate the ice mass and come to the
surface, releasing it at the ice-edge where its
presence is most Tlikely to be damaging due to
the intense biological activity taking place
here. Fish, birds and marine mammals all inter-
act at this intersection of ice, air and water.

Observation and theory indicate that a
highly erratic, or low total energy input to an
ecosystem gives rise to a structure that s
relatively simple and one in which there is con-
siderable biomass accumulation in the terminal
stages of the food chain. Primary and secondary
stages may fluctuate greatly, but the system as
a whole will come to a state of least fluctua-
tion attainable. In the Arctic this implies
levels of annual fluctuation in primary pro-
ducers (algae, under-ice, planktonic and benthic
organisms) and in secondary producers (amphi-
pods, Arctic cod, etc.) but considerable steadi-
ness in the terminal stages such as whales and
Arctic charr,

Ecosystems adapt to an increase in the
harshness of their environment (the magnitude or
variability of the fluctuations they experience)
by the elimination of certain species, giving
rise to a reduced level of diversity; it is the
targe dominant or terminal species that are fre-
quently the most susceptible to disturbance.
Harshness of the environment may be increased by
long-term changes in physical or chemical para-
meters, by an increase 1in harvest, or random
perturbation of an intermittent nature. Elimi-
nation or reduction of the dominant Arctic spe-
cies ({Arctic charr, whitefish, marine mammals)
will not result in any compensatory changes 1in
other harvestable stocks, as may occur in tem-
perate waters; neither will there be any conco-
mitant changes in diversity that might conceiv-
ably be identified. This 1is because of the
absence of species that might benefit. The
changes most likely to occur would be an
increase in the Tevel of fluctuation in Arctic
cod, a species that fluctuates greatly at the
present time, and an increase in the dominance
of molluscs in the benthic fauna.

Most significantly, theory indicates.that
numerical solutions to resource equations are
not obtainable (Johnson 1981). Prediction, at
best, will be in terms of scenarios, patterns
and probabilities. Mathematical studies and
computer simulations may assist in understanding
pattern formation 1in the energy flow, but
attempts at mathematical representation of real

ecosystems may be inappropriate.

A reductionist approach to the examination
of the various problems 1ikely to be encountered
may lead to the conclusion that no damage is
likely to occur, indicating that it is safe to
proceed with the changes envisaged. This con-
clusion may not be justified because of the
accumulation of sub-lethal physiological or
behavioural effects: essentially an accumula-
tion of "noise" in the energy flow channels of
the ecosystem.

The effect of o0il on harvestable Arctic
stocks, either directly or through the food
chain, will be insidious. When multiple poten-
tial causes exist for a reduction in stock
abundance, including the occurrence of unusual
but natural environmental conditions, it will be
exceedingly difficult, 1if not 1impossible, to
attribute or apportion the effect of each cause
separately, unless the changes are of catastro-
phic proportion. Effects of lesser magnitude
will be time-delayed so that stock reductions
will be gradual and fundamental causes inextri-
cably mixed and irretrievable.

Growth of industrial activity as well as
the human population will expose the Arctic
environment to a wide variety of biological and
chemical perturbations not previously exper-
ienced. Human activity will impose increased
pressure on fish and mammal stocks through hunt-
ing and observation using high speed boats or
aircraft. New chemical exposures may result
from heat exchanger liquids, used oil, dielec-
tric fluids, compressor gasses, fire retardants,
insecticides, cleaning solvents, Tlubricants,
plastics etc. Accidental release of such chemi-
cals and inconsiderate behaviour may pose prob-
lems more insidious than the actual spilling of
oil.

ANSWERS TO QUESTIONS

1. WHAT ARE THE PROBABILITIES OF ACCIDENTAL
RELEASE OF OIL AS A CONSEQUENCE OF OIL
EXPLORATION, PRODUCTION OR TRANSPORTATION IN
ARCTIC WATERS? GIVE SEPARATE CONSIDERATION
TO RELEASE TN OPEN WATER, TN POLYNYAS, UNDER
SHORE-FAST ICE OR UNDER PACK ICE.

In general, offshore oil operations have
given rise to frequent small spills, but it is
the infrequent big spill that accounts for most
of the oil released.

Approximately 6 million tonnes, 30 million
bbls (barrels), of o0il are released annually
into the marine environment. 0f this annual
input to the oceans about 35 percent comes from
marine transportation generally, of which only
about 3 percent originates from tanker acci-
dents; 26 percent comes from river run-off with

smaller contributions from coastal refineries,
municipal wastes and the atmosphere (Wilson and
Hunt 1975). 0i1 input to the oceans from off-
shore drilling operations amounts to 1.6 percent
of all spillage (480,000 bbl) but this estimate
was made prior to the massive blowout in the
Gulf of Mexico from IXTOC 1, or more recently



the one in the Persian Gulf.

0f the number of blowouts recorded, 40
percent occurred during exploration drilling and
60 percent during production drilling; the
amount of oil spilled, generally, is greater
from production blowouts. Blowouts during pro-
duction operations are mostly due to accidents
such as the collision of a vessel with the plat-
form, fires on the platform, platform failure or
failure of other components. For an oil field
of over 2 billion barrels, over its 20-year
lifetime, there is a 70 percent chance of an
incident that will result in the discharge of
more than 1000 bbls. For a field in the size
range 500 million to 2 billion bbls, the proba-
bility is 25 percent. A spill of 1000 bbls is
generally considered by the industry to be a
relatively minor affair (Dexter 1981).

More than 60 percent of recorded blowouts
are bridged, that is to say, plug themselves by
collapse under the flowing forces from the oil
bearing strata, within a few days. If bridging
is going to occur it usually does so within 5-20
days of the commencement of the blowout. In the
North Sea, blowout spills of over 1000 bbls
averaged less than 2 per 1000 wells drilled;
latest figures indicate that over 1600 addition-
al wells have been drilled without further blow-
out spillage. On the Outer Continental Shelf of
the United States 46 blowouts occurred in the
period 1971-1978: thirty of these occurred dur-
ing drilling operations and the remaining 16
during completion, production and workover
operations. During this period 7553 new wells
were started; one blowout occurred for every 250
wells drilled. This appears to be a high pro-
portion but the American statistics list all
spills over 1 bbl. 0il and condensate produc-
tion over this period amounted to 2.8 billion
bbls with the total blowout spillage being less
than 1000 bbl. Shortly after the period under
discussion the major blowout at IXTOC 1 occurred
in the Mexican sector spilling over 3 million
bbls (600,000 tons) into the ocean (Dexter
1981).

O0ff the Canadian East Coast 172 wells have
been drilled without mishap.

Spitls of up to 1.5 million bbls are con-
sidered possible in the Arctic (Milne 1979).

In addition to blowouts a major release of
0il into the ocean may arise from projected
failure or breakdown in one of three major
areas: a) failure of drilling platform during
extraction operations; b) holing or wreck of
tanker during delivery, and c) failure of a sub-
sea pipeline during collection or delivery.
Each of these features will have a different
risk factor associated with it and the total
magnitude of the risk will depend on the extent
to which platforms, tankers or pipelines are
employed. The total risk is therefore dependent
o engineering and operational decisions that
will have to be made with respect to the produc-
tion and delivery systems employed, i.e. plat-
forms vs artificial islands and tankers vs pipe-
lines.

The greatest hazard to drill platforms and
drillships arises from weather and oceanographic

conditions: the association of storms, high
waves and ice. The probability of such events
may be determined, but the engineering to meet
all eventualities does not yet appear to be
developed. It must also be recognized that the
variances associated with meteorological events
increase with time (e.g. the 50 yr, 100 yr, 1000
yr flood): the 1000-yr event may occur tomor-
row, not necessarily in 1000 yr. Lack of
oceanographic and meteorological data over long
time periods makes prediction of events in the
Arctic particularly difficult.

Most tanker accidents occur as a result of
navigational hazards associated with human error
and equipment failure. These hazards can be
reduced by improved navigational surveillance
and operational control and continual attention
to improved tanker designs for ice-navigation.

Techniques for overcoming the difficulties
associated with Arctic conditions are still in
their developmental stages. If production
develops then operations will gradually
increase. Every effort should be made to obtain
maximum information through suitable investiga-
tions and monitoring procedures in order to
improve operational techniques and reduce risks.

For fields using subsea gathering pipe-
lTines and tankers, spills could amount to about
0.01 percent of oil produced offshore. This
compares with an estimated 0.005 percent for
equivalent land-based pipeline connected fields
(Milne 1979).

The presence of ice and the extreme work-
ing conditions in the Beaufort Sea add another
dimension to the probability of accident.
Whilst comparable in rigour with drilling off
Newfoundland in Northwest Atlantic waters, the
hazards are of a very different nature. The use
of artificial islands in the Beaufort Sea
reduces the risk of subsea blowouts, making
operations in this phase more comparable with
those that are land-based. To date, two blow-
outs, involving only water, not oil, have been
recorded in the Beaufort Sea operations.

In high energy environments where there is
rapid dissipation of wind or wave energy, oil is
dispersed rapidly. The open ocean of temperate
and tropical regions s a high energy environ-
ment, except in periods of complete calm, so
that dispersal is usually quite rapid leaving
little observable detrimental effect. The Arc-
tic Ocean however presents very different prob-
lems. The geographical location of the present
wells, the routes that would have to be taken by
tankers, and the prevailing oceanographic condi-
tions, virtually ensure that the oil from any
spill of consequence will be washed ashore.
Given average wind speeds of 20 km h=" 1in the
Beaufort Sea, a drift rate of 14 km day-" can be
anticipated. Storm surges along the flat shore-
Tines of the south coast of the Beaufort Sea,

both negative and positive, of up to 1 m above
or below normal water level (Milne and Herlin-
veaux 1973), could expose large areas of land or
subtidal sediment to oil contamination.

011 spilled under shore-fast ice is likely
to arise either from a blowout or pipeline rup-
ture. The most likely cause for pipeline rup-



ture would be the onshore drift of large ice-
bergs or multi-year ice accumulations whose keel
depths greatly exceed normal expectation (i.e.
for engineering design). Evidence of iceberg
scour has been found at depths down to 45 m.

0i1 and gas from a blowout rise in a plume
to the undersurface of the ice where they spread
out laterally; surface tension effects lead to
the formation of globules that create a layer at
least 8.0 mwm in thickness; this Tlimits the
effect of spreading. Currents in excess of 30
cm sec~* are believed to be necessary to move
01l under the ice. The buoyancy of the gas will
cause the ice to fracture, allowing the gas to
escape and the oil to reach the upper surface of
the ice, with the oil then spreading out over
the ice surface. In areas where there is no
vent to the atmosphere, oil will accumulate in
cracks and fissures of the under-ice surface.
Spreading will be prevented by the formation of
a lip of ice around the periphery of the "moon
pool" on the under-surface of the ice owing to
the differential thermal properties of oil and
ice, as well as the irregularities of the under-
ice surface.

In spring the o0il will move upward through
cracks and brine fissures as the ice begins to
melt and fracture, until it emerges on the sur-
face. The greater heat absorption properties of
the oil will cause the contaminated area to melt
one to three weeks before the general failure of
the ice in the surrounding sea. In multi-year
ice the encapsulated oil may travel for a number
of years before being released. 011 released on
the surface 1in spring after being encapsulated
over winter was burned off with some degree of
success, following an experimental spill under
shore-fast ice in a comparatively enclosed bay
{Milne 1979).

011 spilled in pack ice will accumulate on
the surface of the water in the leads between
the floes. In windy conditions, and depending
on floe-size, the water between floes will
represent a relatively high energy environment
and hence dispersal will be relatively rapid.

0i1 spilled in polynyas will tend to be
confined 1f the polynyas are comparatively
small; however, polynyas are fregquently areas of
water upwelling and surface movement; they
therefore provide a high energy water-ice-air
interface that will tend to facilitate disper-
sal.

2. WHAT CONCENTRATIONS OF OIL FRACTIONS MIGHT

BE EXPECTED TO OCCUR IN OPEN WATER, UNDER

ICE, IN THE PLANKTON AND IN THE BENTHOS AS A

RESULT OF SUCH RELEASES AND WHAT WOULD BE

THE EXPECTED RATE OF CHANGE IN THESE CON-

CENTRATIONS?

Levels of o0il contamination that can be
expected inthe water column-followinga spiti
will depend on a) the seastate; b) water column
depths, and c¢) the dispersion in the water col-
umn.

Short-term total hydrocarbon concentra-
tions that may be expected in the water column
are in the range of 10 to 200 ppb with an upper

maximum of 300 ppb. These concentrations are
for the upper 10 metres with a range of 10-25
ppb for deeper waters; such concentrations will
be relatively short-lived particularly in open
oceans or in storm conditions. There is a high
degree of toxicity associated with newly dis-
persed o0il due to the presence of the more
toxic, lower molecular weight hydrocarbons. In
the open ocean these are generally lost to the
atmosphere through evaporation within 24 to 48
hours (Vandermeulen 1981). In ice-covered
waters mixing and dispersal will be reduced and
evaporation will be largely eliminated resulting
in prolongation of the time during which toxic
conditions exist.

0i1 spills may result in hydrocarbon con-
centrations of 10-100 ppm in bottom sediments,
depending on the depth and degree of mixing in
the water column. Sediment-bound hydrocarbons
are highly persistent and may remain detectable
for up to 10 years.

Below 50 ppm there appears to be some sti-
mulation of phytoplankton production by dis-
solved hydrocarbons but effects on phytoplankton
have been measured at concentrations as low as
100 ppb.

0iling of zooplankton was observed follow-
ing the spill of the Argo Merchant 29 miles
southeast of Nantucket Island, Massachusetts.
The range of hydrocarbon concentration was from
0.24 to 117 ppb. No physiological perturbation
or massive mortality was observed. Macrobenthos
appeared to escape impact in this spill (Vander-
meulen 1981).

In the Amoco Cadiz disaster off the coast
of Brittany vast mortalities occurred among ben-
thic organisms, including various species of bi-
valve and heart-urchin. This was attributed to
high turbulence and rapid mixing in the water
column, bringing lower molecular weight hydro-
carbons into contact with benthic organisms
before the hydrocarbons had had time to evapo-
rate. Fish eggs and larvae also suffered consi-
derable mortality in this event.

In test spills at Balaena Bay near Cape
Parry, Adams (1975) found that primary produc-
tivity measured by The uptake was slightly
enhanced in the vicinity of oil, in spite of
Tower light intensities in the oil shadow. Fol-
Towing the burning-off of the oil reaching the
surface in spring, dense masses of normally ben-
thic blue-green and macrophytic algae developed
on the ice surface.

There is accumulating evidence that signi-
ficant changes in diversity have occurred in the
benthos in the proximity of oil rigs in the
North Sea, but the work is still in its early
stages. In Chedabucto Bay, Nova Scotia, soft-
shelled clams, Mya arenaria, were found to have
hydrocarbon Tlevels in excess of 200 ppb six

yearsafter the spilly however no-effect on-the
organisms was indicated (Gilfillan and Vander-
meulen 1978).

Shorelines are usually the regions most
seriously damaged by o0il spills. At Balaena Bay
the shingle on shore was contaminated with a
light surface film of relatively insignificant



proportions. No effect on benthos or other
parts of the marine ecosystem was observed.
Small salt marshes in the region were believed
to be the most vulnerable part of the system
with respect to oil contamination.

In the BIOS experimental oil spill program
at Cape Hatt, northern Baffin Island, investiga-
tions showed that ice-scour during winter strip-
ped the shoreline clean of o0il, redistributing
sediments down to a depth of 3 m.

Biodegradation, in the Arctic, studied
extensively in the BIOS program at Cape Hatt,
appears to be very limited in extent. For exam-
ple, Bunch et al. (1981) state that "Oleoclastic
bacteria capable of hexadecane mineralization
were inactive or not present in the sediment in
detectable numbers." This is confirmed by Boehm
(1981) who states that "“the first year of oil
weathering studies from the Lagoon and Eclipse
Bay shorelines indicated a small degree of
weathering and dilution occurs shortly (1 day)
after the application, but only minimal (but
measurable) weathering proceeds further during
the first 16 days. No indication of biodegrada-
tion was noted, probably due to the very high
0il levels versus available nutrients".

3, WHAT WOULD BE THE PHYSIOLOGICAL AND ECOLO-
GICAL CONSEQUENCES OF SUCH OIL CONCENTRA-
TIONS FOR FISH AND MARINE MAMMALS THAT WERE
IN THE AREA AT THE TIME?

The species most at risk are the coregonid
stocks wusing the Beaufort Sea coastal waters
during the open water season, and the Pacific
herring stocks that utilize the shallow waters,
particularly in the Liverpool Bay region, for
spawning in the early spring. The coregonid
stocks include representatives of most age
classes in the immature segment of the popula-
tion; loss of this segment, or a significant
portion of it, could have serious consequences
on the harvestable and spawning stocks. The
loss of a single season's spawning in the Paci-
fic herring, would doubtless be a matter of
grave concern, but even such a tragedy would be
unlikely to be identifiable by the time the
missing year class would have come to first
maturity.

The effect on the two most widespread fish
species in the Arctic system, Arctic charr, Sal-
velinus alpinus, and Arctic cod, Boreogadus
sajda, is likely to be negligible. No effect on
marine mammals at observed concentrations has
been demonstrated (Geraci and Smith 1976, 1977).

The most vulnerable stages in fish occur
early in the life history following hatching.
In Arctic charr, eggs are laid and the young
hatch in freshwater; the juveniles remain in
freshwater until 4-8 years old and a size of
150-220 mm; only at this time do they enter the
marine-—-environment. The--spawning - grounds -of
Arctic cod in the Canadian Arctic have not been
located but eggs and newly hatched fry have been
caught in many areas. Fry are found in pelagic
waters usually at depths below 10 m; only when
they are at Tleast one year old do they move
inshore.

The most likely effects on these fish spe-
cies is the possible poisoning of the sub-tidal
fauna (3-20 m) on which both species depend.
Other fish species such as Gymnocanthus spp. and
Myoxocephalus spp. are restricted to the sub-
tidal zone and are more likely to be affected;
the effect of contamination on these species is
still under investigation at the BIOS experi-
mental site at Cape Hatt.

The marine mammal at greatest risk is the
ringed seal, Phoca hispida, particularly during
the pupping period in spring (April-May) and the
moult period of the adults in May-June (Table
1). The pup is born with a white 'lanugo' coat
that would probably lose its insulative capacity
if fouled with oil. However, as shown by the
Antarctic Weddell seal, Leptonychotes weddelli,
the adult thermoregulatory capacity is estab-
lished within 9 days of birth. Once this
occurrs the vulnerability to o0il contamination
of the coat will gradually diminish until the
time the pup Tleaves the lair some two months
later having assumed the pelage fully adapted to
the marine habitat.

If an oil spill occurs in winter under the
fast ice occupied by ringed seals, it seem
inevitable that oil will tend to reach the sur-
face through the breathing holes; the holes, in
fact, will become plugged with a column of oil
two to three metres long. The ability of seals
to move out of such areas and create a new net-
work of breathing holes will be severely
restricted, as most suitable areas are occupied,
and other seals, being territorial, would
strongly resent the intrusion of newcomers.

Table 1. Estimated sensitivity of individual
adult marine mammals to an oil-
environment under various ice condi-
tions.

Open water Polynya Pack Ice Fast Ice

Harp 1 - - -
Hood 1 - 1 -
Ringed 1 2 2 3
Bearded 1 2 2 -
Walrus 1 2 2 -
Beluga 1 V4 2 -
Narwhal 1 - 2 -
Bowhead 2 - 2 -

Rating: 1 - unlikely to be harmful
2 - possibly harmful
3 - probably harmful

Note: Seals are likely to be harmed if they are
prevented from moving out of the territory that
they inhabit. This would fregquently be the case
since all other suitable territories would be
already occupied. The white-coated young of
seals-—are-—more-—likely-to--be —vulnerable than
adults. No effects of oil on whales has been
demonstrated but, because their skin {is an
unkeratinized vital tissue, damage is Tlikely.

It 1is probable that similar constraints
apply to the young of bearded seals in the pre-
sence of oil, but little is known on specific



noints. 1t seems probable that bearded seals
would be able to move away from contaminated
areas more readily than ringed seals as they are
not so tied to a territorial system of breathing
holes.

Polynyas, tide-cracks and leads will simi-
larly be areas in which oil will be confined if
a spill or blowout occurs on the sea bottom.
These openings in the ice are frequently areas
of high usage by marine mammals, particularly
those that have difficulty in maintaining their
own breathing holes such as bearded seal and
walrus, and young ringed seals. It, therefore,
seems highly desirable that the contamination of
such areas should be avoided.

The bowhead whale feeds principally by
skimming the surface waters. There appears to
be some danger that oil might be taken in and
clog the baleen plates used for filtering the
planktonic food. The calving areas of this spe-
cies are not known, but again, it seems most
1ikely that the neonates would be most vulner-
able to contact with oil. In winter the bowhead
spends its time in the fringe areas of the pack
ice where ice cover 1is somewhat 1less than 50
percent; these are high enerqgy environments and
oil dispersal is likely to be rapid.

The narwhal is known to calve only in the
deep waters of the fiords of northern Baffin
Island. It therefore seems most important to
avoid any possible oil contamination 1in this
area during the open water period. In late win-
ter narwhal have been found in areas of pack ice
with an ice-cover of between 90-99 percent.
These again are likely to be high energy envi-
ronments in which the oil is quite rapidly dis-
persed.

The view, held until quite recently, that
beluga enter the warm waters of estuaries to
calve (particularly the Mackenzie Delta and the
estuaries of the Churchill and Nelson rivers
flowing into Hudson Bay, and, although not an
estuary, Cunningham Inlet, Somerset Island), has
now been modified as many animals have been seen
entering these waters with young already at
their side. This species is likely to be most
vulnerable at this time on account of the pre-
sence of very young animals in confined circum-
stances. The exact effects can not be speci-
fied. In Tate winter, the beluga, as with the
bowhead, 1is found on the fringes of the pack in
waters with up to 50 percent cover.

In cold waters floating oil may become
emulsified with water and air forming "chocolate
mousse”. This may be converted to a form denser
than water with the addition of sediments fil-
tered out of suspension. This mass of oil and
sediment then sinks to the bottom covering and
smothering the benthos. In a more weathered
form "tar-balls" may develop which have the
capacity to move across the sea-bed until
brought “to rest by irreqularities in the sub-
stratum.

A Tlarger spill of heavy crude oil could
conceivably cause considerable damage to the
benthic fauna, particularly the clam and mussel
beds on which the walrus and bearded seal depend
to a large extent. It has been shown that clams

can retain detectable traces of hydrocarbons for
up to six years following contamination. There
is no report of any lethal or sub-lethal effect
from these concentrations and it is most unlike-
ly that they would cause significant impairment
at higher levels in the food chain, in either
the walrus or bearded seal. Ringed seals showed
no irreversible effect after ingesting 5 mL of
Norman Wells crude each day for 5 days.

The greatest ecological danger appears to
be the effect of 01l on the sub-tidal flora and
fauna and the under-ice biota. These are pro-
bably the two most productive systems in the
Arctic marine environment.

In most cases it has been shown that
intertidal regions are the most seriously damag-
ed parts of the ecosystem. Rocky shore communi-
ties in temperate regions have taken over 10
years to recover completely, while salt marshes
may take up to 20 years to return to their for-
mer state. However, in the Arctic, intertidal
biota is almost non-existent owing to intensive
ice-scour; fine sediments tend to be redistri-
buted leaving mostly coarse particles in the
Tittoral region. Salt marshes are infrequent
and only occur in very sheltered areas.

4. WHICH STOCKS OF FISH AND MARINE MAMMALS ARE

VULNERABLE TO OIL SPILLS IN THE ARCTIC?

WHICH STOCKS ARE ESPECIALLY SENSITIVE FOR

ONE OR MORE OF THE FOLLOWING REASONS: 1)

THEY ARE HEAVILY EXPLOITED; i) AT SOME

STAGE IN THEIR LIFE HISTORY THEY OCCUPY CRI-

TICAL HABITATS, E.G. BREEDING GROUNDS OR

FEEDING GROUNDS THAT MIGHT BE TIMPACTED BY

OIL, AND iii) THE SPECIES EXHIBITS SOME CRI-

TICAL PHYSIOLOGICAL OR BEHAVIOURAL SENSITI-

VITY 10 OIL?

In general, stocks that aggregate will be
more vulnerable to any Tlocal perturbation,
should they encounter 1it, than those that are
widely dispersed. Stocks with Tong recovery
times will be more severely affected than those
with rapid turnover times. Sensitivity to oil
will not be increased at a time of low stock
density but the ecological effect of an addi-
tional perturbation may be much greater than
when densities are higher,in that it will tend
to increase the time to recovery. Minor chronic
perturbation may maintain a stock at Tow density
indefinitely.

Arctic charr tend to aggregate during their
summer feeding migration to the sea. However,
their pattern of distribution is widespread and
in many areas considerable interchange of stocks
takes place. Severely depleted charr stocks
have been shown to recover given sufficient
time. Disruption of the sub-tidal zone, the
principal feeding area of the charr in the sea,
could create a temporary set-back, but charr
normally experience a high degree of annual

variation in summer food availability. Contami-
nation of the flesh, rendering it unpalatable,
is a most probable effect. Stock density seems
to have 1ittle effect on feeding pattern as
reflected in size and growth rates. Little can
be said about Arctic cod as the stocks show very
great variability 1in both time and space.
Stocks of whitefish and cisco, in the Mackenzie



Delta and along the southern coast of the Beau-
fort Sea will be most vulnerable to the onshore
drift of 0il. These stocks are exploited to the
1imit particularly in the Delta region.

As noted in the answer to Question 3, the
mammal species most Tikely to be directly
affected by oil contamination are ringed and
bearded seals during pupping and moulting, and
the bowhead during feeding., Ringed seals, on
account of their very wide distribution, will
only be affected locally and recovery is likely
to be quite rapid when the perturbation ceases.
Bearded seals are also widely scattered across
the Arctic; although less abundant than ringed
seals they tend to be more highly aggregated.
It appears that they are not, on these counts,
1ikely to be at any greater risk of disruption.

The bowhead whale and walrus are both spe-
cies whose numbers have been greatly reduced
over historic times; in addition the range of
the walrus has been severely reduced. If both
species are to be preserved great care must be
exercised to eliminate chronic perturbation of
all types. Bowhead stocks are at a much reduced
level and in the western herd a very high ratio
of Jjuveniles to adults gives cause for grave
concern. Continued aboriginal hunting may be
arresting the recovery of this species in the
Western Arctic, and illegal shooting and other
unknown perturbations continue to keep the East-
ern Arctic population at a very Tow level.

Hunting pressure on the walrus at the pre-
sent time is probably less than formerly, as the
need for doy food and harpoon lines has been
reduced by the 1importation of snowmobiles and
nylon rope. Hunting, however, is beginning to
increase again as the value of ivory obtained
from the tusks increases. The levels of exploi-
tation relative to the total stock are exceed-
ingly difficult to obtain because of movement
and migration patterns and widespread distribu-
tion. Walruses depend on haul-out sites on land
(uglit) in summer and on strong pack-ice in win-
ter. The effect of oil contamination of such
sites is not known but conceivably could be
deleterious, particularly from March to May when
the young are born.

The migration pattern of whales is reason-
ably well documented. In the Western Arctic,
beluga and bowheads move northeast across the
Beaufort Sea in heavy pack ice in early spring,
utilizing a system of leads that develops far
offshore between Point Barrow and northern Banks
Island; they then pass southward along the west
coast of Banks Island finally arriving in the
large polynya in the Amundsen Gulf one or two
months before general break-up of the ice in
June-duly. From here they make their way, in
open water, to the Mackenzie Delta; they then
retire in October-November to the pack ice of
the Bering Sea to overwinter. This migration
route is quite well defined but the migration
takes place over-an extended time period-as ani=
mals do not move in large groups (Fraker 1979).

In the Eastern Arctic there is a regular
movement of bowheads, narwhal and beluga from
the pack ice of Davis Strait and Baffin Bay into
Lancaster and Jones Sounds, and even into areas

further north. In the more southerly regions,
animals overwintering in the Hudson Strait pack
move into Hudson Bay and Foxe Basin with beluga
also moving into Ungava Bay and Cumberland
Sound.  These movements appear to be somewhat
irregular both in timing and in the routes actu-
ally taken, making it difficult to specify times
or places that should be avoided by drilling
rigs or tanker traffic.

It dis known that four local stocks of
beluga are currently being harvested above a
sustainable Tevel (East Hudson Bay, Ungava Bay,
Cumberland Sound and St. Lawrence Estuary) (Fin-
ley et al. 1981). Severely restricted harvest-
ing, or preferably a complete moratorium on har-
vesting for some years, will be necessary if
these stocks are to regain abundances that per-
mit limited exploitation.

Areas of concern with respect to aggrega-
tion of stocks are: Nelson and Churchill river
estuaries (beluga); Cumberland Sound ({(beluga,
bowhead); Cunningham Inlet (beluga); Lancaster
Sound (bowhead, beluga, narwhal, walrus, seal);
Jones Sound (walrus); eastern Hudson Bay (belu-
ga); Ungava Bay (beluga); Hudson Strait, South-
hampton Istand and Foxe Basin (walrus); Creswell
Bay (narwhal, beluga); Amundsen Gulf (bowhead,
beluga); and the Mackenzie Delta and southern
Beaufort Sea (bowhead, beluga and whitefish).

Areas of a more general nature that are of
great importance in the energy flow through Arc-
tic ecosystems are: a) the under-surface of the
ice particularly in the spring (April-May-June)
before breakup when activity of the under-ice
biota is greatest; b) the ice-~edges that form in
spring during breakup and are freguently the
site of great biological activity involving Arc-
tic cod, marine mammals and sea birds, and c)
the inshore sub-tidal zone about which relative-
ly little is known.

The only critical stages in the life his-
tory of marine mammals that can be recognized
are the periods of pupping and moulting in seals
and the period of calving in whales. Apart from
the ringed seal (the species that has been
investigated in greatest detail), the informa-
tion available is very meagre and does not sup-
port any generalizations.

The Tarval stages of fish are those most
vulnerable to contaminants. In Arctic charr and
all whitefish species Tlarval stages occur in
freshwater and therefore are outside the discus-
sion; larval stages of Arctic cod occur in deep-
er waters (10-120 m), largely below the zone of
significant contamination, Larval stages of
littoral fish species are the ones most Tikely
to be affected.

5. WHICH STOCKS SHOULD D.F.0. SEEK TO PROTECT
BY REQUESTING PARTICULAR AREAS OR TYPES OF
HABTTAT (E.G. POLYNYAS, AREAS OF PERMANENT
SHORE-FAST ICE) BE PROTECTED FROM OIL-
RELATED ACTIVITIES?

There 1is general consensus that evidence
for the effect of oil on fish and marine mammals
is of a rather tenuous nature, making it diffi-



cult to establish the particular times of the
year when particular regions should be protect-
ed.

Animals that congregate to any appreciable
extent are more vulnerable to any form of per-
turbation that affects them during their period
of aggregation than are those that are more uni-
formly distributed. The area of greatest aggre-
gation of marine mammals and birds is, ungques-
tionably, Lancaster Sound. The reasons for this
concentration of biological activity are inade-
quately known and understood.

In addition to Lancaster Sound the follow-
ing localities need protection from perturba-
tion, at least during the periods of the year
when they are being utilized by the pertinent
stocks:

Beluga Bowhead Whale
Nelson River Estuary Hudson Strait
Churchill River Estuary East Coast of Greenland
Cumberland Sound Roes Welcome Sound
Cunningham Inlet Southern Beaufort Sea
Creswell Bay Mackenzie Bay
Amundsen Gulf Amundsen Gulf
Mackenzie Bay
Southern Beaufort Sea

Eastern Hudson Bay Narwhal
Ungava Bay Northern Baffin Island
Bays
Creswell Bay
Walrus

Jones Sound

Hudson Strait
Southampton Island
Foxe Basin
Cumberland Sound

Whitefish
Southern Coast of
Beaufort Sea
Mackenzie Delta

Arctic charr occupy most inshore regions
in the Arctic in summer particularly the less
exposed shorelines of bays and estuaries; white-
fish are concentrated in the coastal waters of
the Beaufort Sea.

Polynyas are areas of aggregation of mar-
ine mammals in winter (they are also of parti-
cular importance to birds in early spring). The
local nature of polynyas and the consequent lack
of alternative breathing sites, may prevent the
migration of animals into oil-free water.

Shore-fast ice occurs throughout wmuch of
the Northwest Passage, the projected tanker
route. This, as pointed out above (Question 3),
is occupied by adult ringed seals in winter, and
in spring by pupping and moulting animals.

6. WHAT KINDS OF OBSERVATIONAL PROGRAMS WOULD
BE REQUIRED TO DETECT: 1) DELETERIQUS

EFFECTS ON MARINE FISH OR MAMMAL STOCKS, AND

ii) THE RECOVERY OF THE ECOSYSTEM FROM THE

EFFECTS OF AN OIL SPILL?

i) It 1is generally conceded that it is
virtually impossible to detect the effect of an
01l spill in marine conditions unless it is of
catastrophic proportions. This is particularly
the case with respect to fish and marine mammal
stocks where the effect on recruitment may only
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be apparent after a time-lag of several years.
This being so for the highly studied east coast
of Canada, it is even more difficult to expect
valid statistical evaluation in the Arctic
where, not only is the biology of the system
incompletely known, but the great difficulties
of enumerating stocks are frequently compounded
by high natural fluctuations in abundance and
migration pattern. The wide distribution and
poorly known behaviour of most Arctic marine
mammals makes it exceptionally difficult to
quantify the stocks. Even more difficult is the
problem of obtaining representative biological
samples for the determination of age (compounded
by the difficulties inherent in the aging pro-
cess itself) and reproductive cycle; for bow-
heads, samples are impossible to obtain in Cana-
da as all hunting is banned. Great difficulties
also present themselves when attempting to quan-
tify energy flow through the Arctic ecosystem,
but unless we have some appreciation of these
parameters most attempts to estimate sustainable
yields will be largely informed guesses.

The 1immediate need 1is undoubtedly for
good, long-term, basic oceanographic and biolo-
gical studies directed towards the processes
involved in the formation and characterization
of Arctic ecosystems. Only with a good under-
standing of the mechanisms involved can effec-
tive corrective or preventive measures be formu-
lated.

Studies on the energetics and population
dynamics of the Beaufort Sea coregonids and the
biota of the under-ice surface and sub-tidal
regions as well as the oceanographic conditions
and biological oceanography of such character-
istically Arctic features as polynyas and ‘ice-
edges' are of vital importance in understanding
Arctic ecosystems.

Another approach, and undoubtedly one of
increasing importance, is through experimental
programs, directly testing hypotheses and carry-
ing out observations under controlled or at
least confined conditions. Such programs as
those at Balaena Bay {(Beaufort Sea Project) and
Cape Hatt (BIOS Program) should be encouraged
and expanded, as well as physiological studies
on fish and the smaller marine mammal species.
Pinnipeds have been successfully maintained
experimentally but small whales are more diffi-
cult to keep under similar conditions: with the
bowhead whale it is virtually impossible.

ii) Experimental studies on ecosystems
appear to be the only way of gaining insight
into the processes of damage and recovery fol-
lowing an o0il spill. Long-term observations on
uncontaminated systems are essential to estab-
Tish 'base-1ine' conditions. In the event of a
major 01l spill it seems impossible to determine
when recovery will have been effected unless
good information on the pre-perturbation state
is available.

7. WHAT KINDS OF PREVENTIVE MEASURES OR
COUNTERMEASURES WOULD BE  APPROPRIATE IN
RESPECT OF: 1) CHRONIC LOW-LEVEL POLLUTION,
ii) MAJOR SPILLS, OR 1ii) BLOWOUTS? 1IN THE
EVENT OF A MAJOR SPILL OR BLOWOUT, SHOULD




D.F.0. SEEK TO HALT OIL OPERATIONS IN THE

AREA UNTIL THE SYSTEM HAS FULLY RECOVERED?

[F NOT WHAT ACTION IS CALLED FOR?

"An ounce of prevention is worth a pound
of cure", and "more research into preventive
measures is essential" are the two main state-
ments that can be made, even if rather trite.
Many of the concepts and much of the equipment
to be used in the Arctic in oil exploration,
extraction and delivery systems will be initial-
1y untried under operational conditions. It is
therefore important that full precautions be
taken at all times with observations on perfor-
mance and potential weaknesses carefully docu-
mented.

Preparation for containment of an oil
spill should be made well in advance of an inci-
dent, and necessary materials and equipment
should be readily available. Consideration
should be given to the postponement of the start
of production until satisfactory clean-up proce-
dures have been developed.

i) In the event of a spill the causes
should be fully investigated in open hearings in
order to prevent re-occurrence.

The prevention of chronic spills is a mat-
ter of good housekeeping, which involves the
continuous maintenance of good equipment, alert-
ness and a sense of personal responsibility.
These factors can be improved through good
training programs for personnel at all levels.

This approach should be encouraged by:

a) education in environmental matters;

b) punishment for human frailty, and

c) suspension of permit for non-
compliance.

ii) Similarly acute spills can be reduced
by care and improved engineering techniques.
Improved vessel design is essential and double
hulls with dual propulsion and steering systems
should be mandatory for ice-breaking tankers;
adequate navigational aids must be provided and
jce-breaker assistance should be available when
required.

In the event of a spill, clean-up methods
should be largely physical; innovative clean-up
methods for physically bringing the oil to the
surface for burning should be investigated.

Initially the use of chemical dispersants
generally proved to be more detrimental to the
environment than the effect of oil itself.
Newer dispersants are reputed to be less toxic
and to have a less adverse effect on physical
characteristics of the oil (i.e. they do not
cause deposition of oil-dispersant-water emul-
sions on bottom sediments).

Dispersants should be used only for the
protection of specific sites when other methods
fail or are inapplicable, e.g. protection of
bird loafing or feeding areas.

ii1) The prevention of blowouts is 99 per-
cent care and engineering but it seems that
total prevention is virtually impossible given
present techniques; individual variables in each
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well create a very wide spectrum of possibili-
ties. There is always the chance of an IXTOC 1
or an Ekofisk disaster. Undoubtedly the chances
of such an occurrence can be reduced by improved
engineering and experience.

It seems scarcely feasible or practical to
halt operations until the ecosystem has "fully
recovered". "Full recovery" is not a good pro-
cedural concept. This description would involve
judgement and could be the basis of much bitter
controversy. However operations in the neigh-
bourhood should be halted until the cause of the
accident has been established and remedial mea-
sures instituted to prevent its re-occurrence.
Only when the spill has been "cleaned-up" should
operations be resumed. “"Cleaned-up" 1is also a
poor operational standard but it could be defin-
ed for any particular locality.

CONCLUDING STATEMENT

Throughout the proceedings, discussions and
reviews that have given rise to this document
constant pressure has been applied to the Work-
ing Group to make it more concise and more defi-
nitive and, where facts run out, to attempt
definitive judgements based on the best informa-
tion available. Ultimately judgments have to be
made in the preparation of environmental control
legislation; it is therefore reasonable to
expect that those more intimately concerned at
the scientific Tlevel should make the primary
scientific judgments.

With the best will in the world such judg-
ments evade our capacity to make. We resort to
the Socratic approach of examining the nature of
the ‘'good' and the involuted processes that
govern the actions of the 'good man'. Socrates'
only claim to wisdom is that he knows nothing;
it is the examination that is important, as he
states "it is the unexamined life that is worth
nothing". It is the continuing scrutiny, dis-
cussion and modification that is most important.

As part of such an examination a reduction-
ist approach is essential to determine what is
known of specific relationships between animals
and plants and their environment and the effect
of environmental change upon them. At this
level, when considering the effect of 0il on
fish and marine mammals 1in the Arctic, it fis
difficult not to agree with the British Royal
Commission on marine pollution, that there is
Tittle evidence for the impairment of the eco-
systems of the high seas through oil contamina-
tion. The case for impairment of salt marshes,
littoral and sublittoral systems is more conclu-
sive and recovery periods of 10 to 20 yr have
been determined. The effect of o0il on marine
birds is disastrous as it is on those marine
mammals relying on fur for dnsulation. The
damage to amenities and aesthetics from an oil
spill is incontestable but usually temporary.

However, biologists who have been inti-
mately concerned with the problems of oil con-
tamination and the recovery of oiled habitats
express great unease about long-term effects and
repeated perturbation (Sanders 1978; Sanders et
al. 1980; Southward 1981; Southward and South-



ward 1978).

The alternative to a reductionist point of
view is a more holistic approach, and here, if
the summing up is adverse, it is easy to stand
accused of expressing prejudice, dislike or even
moral indignation as a substitute for reasoned
argument. The holistic approach may indeed pro-
vide cover for such a retreat but it does not
eliminate the reality of the fact that systems
are not fully understood through reductionism.
Watt (1947) one of the founders of modern
ecology made this very plain:

". « . . . clearly it is one thing to
study the plant community and assess the
effects of factors which obviously and
directly 1influence it, and another to
study the interrelations of all components
of the ecosystem with an equal equipment
in all branches of knowledge concerned.
With a limited objective, whether it be
climate, soils, animals or  plants
(populations) which are elevated into the
central prejudiced position, much of
interest and importance to the subordinate
studies and . . . to the central study
itself is set aside. To have the
ultimate, even if idealistic, objective of
fusing the shattered fragments into the
original unity is of great scientific and
practical importance; practical because so
many problems in nature are problems of
the ecosystem rather than of soil, animals
or plants (populations) and scientific
because it s our primary business to
understand « » (As) T.S. Elliot said of
Shakespeare's work: we must know all of
it in order to know any of it."

We therefore need a reductionist approach
but recombination of the various pieces examined
does not provide an adequate picture of the
whole. Where whole ecosystems have been exa-
mined experimentally, the results have frequent-
ly been surprising, or out of line with initial
predictions or assumptions.

One of the most difficult aspects of the
degradation of ecosystems to combat is ‘destruc-
tion by small dncrement' (Livingston 198la),
each increment in itself being relatively harm-
less and of little consequence but cumulatively
spelling disaster. This feature has also been
expressed in economics as 'the tyranny of small
decisions’ (Kahn 1966; Odum 1982). Ecologically
this may be developed more fully under the head-
ing of an increase in environmental "noise" or
an increase in random environmental variabi-
1ity. In other words not only do we have to
examine the nature of the imposed environmental
changes, we also need to know their pattern of
occurrence and range of variability. The effect
of change on a reference species will differ
according to the animals and plants with which
it is associated. Such matters can not be
investigated in isoTation.

There 1is little doubt that there is an
inherent tendency in man, whether he be modern
and western or ancient and less sophisticated,
to reduce the number of species with which he
comes into contact (Diamond 1982). In this pro-
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cess of attrition the first animals to be elimi-
nated are usually the large or flightless. This
trend is readily visible in the Arctic where the
largest animal, the bowhead, 1is certainly the
one at greatest risk. Frequently the cause is
attributed to excessive hunting but finadvertent
habitat modification may also be a factor of
importance.

The definitive answer to the question "Will
0il affect Arctic marine fish and marine mam-
mals?" is an unqualified "yes". The supplemen-
tary question "By how much?" can only be answer-
ed by the degree and type of control that is
imposed on the exploration, extraction and deli-
very of the oil, the magnitude of the operation
at its maximum, and the degree of personal
responsibility that 1is assumed by all indivi-
duals concerned.

Protection of the environment and the
stocks supported lies 1in the imposition of
strictures and prohibitions based on judgement
backed up by theory and extensive knowledge.

Regulatory regimes should be cautious,
reflecting the level of uncertainty with which
effects can be predicted. Regulations should
also reflect a 'design' approach, the achieve-
ment of long-term goals through the establish-
ment of suitable criteria to govern all opera-
tions, rather than a 'planning' approach which
implies active management (Ophuls 1977 p. 228).

RECOMMENDATIONS FOR FURTHER STUDY

1. The most pressing need is the development of
a sound theoretical and philosophical base
capable of generating new ideas and conclu-
sions and the testing of these outputs by:

i) The promotion of studies in non-equili-
brium thermodynamics and statistical
mechanics as applied to ecological pro-
blems. Recognizing that numerical
solutions to specific ecological pro-
blems are most unlikely to be obtained,
the objective should be to examine the
development of ecological patterns
under changing environmental condi-
tions.

11) The promotion of experimental work on
natural ecosystems with the specific
objectives of: a) investigating energy
pathways, b) the recovery of systems
following perturbation.

iii) The development of an environmental
ethic and sound philosophy of environ-
mental affairs by the promotion of dis-
cussion and interaction with philoso-
phers and economists specializing in
environmental matters (e.g. Ophuls
1977, Livingston 1981a,b).

2. The establishment of Tlong-term monitoring

sites to observe natural fluctuations “in
biological and oceanographic parameters.

3. Long-term studies on biological processes in
the Arctic, particularly: a) the oceano-
graphic origin of ice-edges and polynyas; b)
the origin of the biological activity at
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11,

12.

jce-edges and polynyas; c¢) studies on the
under-ice biota, and d) studies on the
interaction between fish and birds.

Experimental studies on the interaction
between o0il, dispersants, sea water and
ice, and the toxicology of the resulting
conditions. New chemical exposures may
result from heat exchanger fluids, used
oil, waste drilling fluids, dialectric
fluids, compressor gases, fire retardants,
insecticides, cleaning solvents, Tubri-
cants, plastics etc. Accidental release of
such chemicals may pose a threat more insi-
dious than the actual spilling of oil.

Studies on the life-history, population
fluctuations and role within the ecosystem,
of Arctic cod.

Studies on the distribution, migration
behaviour, acoustic responses and reproduc-
tion of sea mammals.

The enumeration of sensitive areas and the
categorization of their biological charac-
teristics. This should include a detailed
study of the biology of the Mackenzie Delta
and Lancaster Sound.

It is possible that sub-lethal effects may
be identified by the investigation of
enzyme systems. Animal responses to oils
include changes in certain enzyme levels;
measurement of these levels may offer a
means of determining whether animals are
responding to o0ils or something else,
unassociated with oil.

Examination of possible loss of product
quality following an oil spili. This would
be most likely to occur in Arctic charr.
The rate of quality recovery in the Arctic
is not known but it can be predicted to be
temperature related.

As physical methods of clean-up have almost
invariably been most effective in reducing
0il contamination, the feasibility of phy-
sical clean-up in frozen seas should be
examined in detail and new methods develop-
ed before there is need to utilize them.

Mechanisms should be established for the
tracking of any oil spill that does occur
and the investigation of its ultimate fate.

The development of social programs designed
to increase public awareness of the real
biological problems and foster self-regula-
tion. Growth of industrial activity and the
consequent increase in population will
expose the Arctic to a wide variety of bio-
logical and chemical perturbations not pre-
viously experienced. Human activity will
impose increased pressure on fish and mam-
mal..stocks through. hunting, -increased. boat
traffic and similar activities, and parti-
cularly through observation of wildlife
using high speed boats and aircraft. Self-
regulation implies the development of an
ethical approach to the environment and
its biota; all concerned must assume a high
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degree of personal responsibility for the
maintenance of Arctic ecosystems.

13. An analysis of the risk factors involved
in:
i) tanker design and navigational hazards;
ii) platform type and operational methods;
iii) pipeline design and operation.
These studies should subsequently be incorporat-
ed in a continuous monitoring program designed
to test the original predictions and to guide
future procedures for environmental protection.
This is of greatest importance during the ini-
tial, expansion phases of o0il production while
opportunity still exists for the correction of
design faults and operational techniques.
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